Aims. We study the spatial distribution and kinematics of water emission in a ∼8×8 pc 2 region of the Galactic Center (GC) that covers the main molecular features around the supermassive black hole Sagittarius A * (Sgr A * ). We also analyze the water excitation to derive the physical conditions and water abundances in the Circumnuclear Disk (CND) and the "quiescent clouds". Methods. We presented the integrated line intensity maps of the ortho 1 10 − 1 01 , and para 2 02 − 1 11 and 1 11 − 0 00 water transitions observed using the OTF mapping mode with the HIFI instrument on board Herschel. To study the water excitation we used HIFI observations of the ground state ortho and para H 18 2 O transitions towards three selected positions in the vicinity of Sgr A * . In our study, we also used dust continuum measurements of the CND, obtained with the SPIRE instrument. Using a non-LTE radiative transfer code, the water line profiles and dust continuum were modeled, deriving H 2 O abundances (X H 2 O ), turbulent velocities (V t ) and dust temperatures (T d ). We also used a rotating ring model to reproduce the CND kinematics represented by the Position Velocity (PV) diagram derived from para 2 02 − 1 11 H 2 O lines. −1 cloud, whereas only collisions can account for the water excitation in the northeast lobe of the CND. We propose that the water vapor in the CND is produced by grain sputtering by shocks of 10-20 km s −1 , with some contribution of high temperature and cosmic-ray chemistries plus a PDR chemistry, whereas the low X H 2 O derived for the 20 km s −1 cloud could be partially a consequence of the water freeze-out on grains.
Introduction

Main features within 8 pc around Sgr A *
The Galactic Center (GC) has been the subject of many multifrequency studies due to the large variety of processes taking place in this special region of the Galaxy. The GC interstellar medium (ISM) is affected by high energy phenomena (Koyama et al. 1996; Wang et al. 2002; Terrier et al. 2010; Ponti et al. 2010 ), large scale shocks ) and star formation (Gaume et al. 1995; De Pree et al. 1998; Blum et al. 2001; Paumard et al. 2006) . The main GC molecular clouds within the ∼200×200 arcsec 2 region (∼8×8 pc 2 at a GC distance of 7.9 kpc (Boehle et al. 2016) ) around the supermassive black hole Sgr A is composed of three ionized filaments: the Northern, Eastern and Southern Arms (Yusef-Zadeh et al. 1993) . These filaments could be streamers of ionized gas feeding Sgr A * (Zhao et al. 2009) .
Sgr A West is surrounded by an inclined and clumpy Circumnuclear Disk (CND) of gas and dust, which has inner and outer edges around 2 and 5 pc, respectively. It has an inclination around 63
• and rotates with a constant velocity of 110 km s −1 (Güsten et al. 1987) . Using the CO(7-6) emission, Harris et al. (1985) derived an H 2 density of ∼3×10 and a temperature of ∼300 K for the CND. For this source, Oka et al. (2011) derived H 2 masses of ≈(2.3-5.2)×10 5 and ≈5.7×10 6 M ⊙ based on the CND has been studied by Requena-Torres et al. (2012) utilizing a large velocity gradient (LVG) model. They derived temperatures of ∼200 K and H 2 densities of ∼3.2×10 for the bulk of the CND material, confirming its transient nature. This was also confirmed with dense gas tracers as HCN and HCO + using the APEX telescope (Mills et al. 2013) .
The inner central parsec around the black hole known as the central cavity has been characterized by a hot CO gas component with a temperature around 10 3.1 K and a H 2 density 10 4 cm −3 or with multiple cooler components ( 300 K) at higher densities (Goicoechea et al. 2013) . UV radiation and shocks could heat this molecular gas if there is a small filling factor of clumps/clouds (Goicoechea et al. 2013) . A recent study showed the presence of a high positive-velocity gas in the central cavity with temperatures from 400 K to 2000 K and H 2 densities of (0.2-1.0)×10 5 cm −3 (Goicoechea et al. 2018b) . A few parsecs from Sgr A * there are two giant molecular clouds, the 20 and 50 km s cloud as having a size around 15 pc. These two clouds seem to be connected by a ridge of gas and dust, the Molecular Ridge (Ho et al. 1991) . Maeda et al. (2002) proposed however that the Molecular Ridge is part of the 50 km s −1 cloud that has been compressed by the forward shock of an expanding shell of synchrotron emission, the Sgr A East supernova remnant (SNR).
It has been proposed that Sgr A East is located behind Sgr A * and the CND (Coil & Ho 2000) , while the 20 km s
cloud lies in front of Sgr A * , the CND and Sgr A East (Herrnstein & Ho 2005; Park et al. 2004; Coil & Ho 2000) . It is also thought that part of the 50 km s −1 cloud lies behind Sgr A East (Ferriére 2012) , and a long and filamentary structure of gas and dust known as the Western Streamer borders the western edge of Sgr A East. Based on NH 3 images, Herrnstein & Ho (2002) proposed that the expanding shell of Sgr A East is impacting the 50 km s cloud, indicating that the clouds are most likely feeding the nucleus of the Galaxy. However, Ferriére (2012) proposed that the Western Streamer and the Northern Ridge could be made of material swept-up by the expansion of Sgr A East.
Southwest from the 50 km s clouds and the lowest HNCO abundances in the CND, whereas SiO showed high abundances towards both clouds and the CND. Amo-Baladrón et al. (2011) proposed that the HNCO in the CND is being photodissociated by UV radiation from the central parsec star cluster (Morris & Serabyn 1996) . In the CND the SiO seems to be more resistant against UV-photons and/or is being produced very efficiently by the destruction of the grain cores due to strong shocks (Amo-Baladrón et al. 2011 ).
Water in the Galactic Center
Water emission has been observed with high angular resolution towards the GC mainly through its maser emission. The 22 GHz line is almost exclusively seen as a maser. Yusef-Zadeh et al. (1995) found four masers of 6 16 -5 23 H 2 O at 22 GHz within the inner 12 pc of the GC, one of them likely associated with a high- , the 3-kpc Galactic arms and the near side of the Molecular Ring surrounding the GC. These absorption features are also detected in the 1 11 − 0 00 H 2 O spectra observed towards the 20 and 50 km s −1 clouds by Sonnentrucker et al. (2013) . The water abundance of 5×10 −8 is derived for foreground clouds located in the 3-kpc Galactic arm, while water abundances higher than 1.5×10 −7
are measured for gas components with velocities -85 km s −1 located within the 200 pc region of Sgr A. Shocks or turbulent dissipation are proposed as the most likely mechanisms responsible for the origin of water in the Sgr A gas components with velocities -85 km s −1 (Sonnentrucker et al. 2013) . Rotational excited and ground-state absorption lines of water are detected towards the central cavity, containing a hot molecular component heated by UV photons and shocks if there is a small filling factor of dense clumps/clouds (Goicoechea et al. 2013 ). The central cavity shows a high positive-velocity wing in the 1 10 -1 01 H 2 O line, reaching velocities up to +270 km s −1 (Goicoechea et al. 2018b) . The water in this region is thought to be originated in gas with elevated temperatures via gas-phase routes.
So far the H 2 O emission/absorption distribution around Sgr A * has not been studied. The GC offers an unique opportunity to study the excitation and origin of water in gas phase in typical GC clouds surrounding a supermassive black hole. As part of J. Armijos-Abendaño et al.: Herschel Water Maps towards the vicinity of the black hole Sgr A* (557, 988, 1113 and 1670 GHz) in order to study the spatial distribution of the water and its kinematics in the vicinity of Sgr A * . In this paper we have focused in the study of only an area of ∼8×8 pc 2 around Sgr A * . Furthermore, single position observations of ortho 1 10 − 1 01 and para 1 11 − 0 00 H 18 2 O transitions were observed as well, with the aim of better constraining the column density of water in this very complex region. In Sec. 2 we present our observations. Maps and spectra of H 2 O are presented in Sec. 3. In Sec. 4, we study the kinematics of water in the surroundings of Sgr A * . The modeling of water and dust continuum emission using a non-LTE radiative transfer code and our results are described in Sec. 5. In Sec. 6, we discuss the excitation and chemistry/heating of water. Finally, we present the conclusions in Sec. 7.
Observations
The data were taken with the HIFI instrument (de Graauw et al. 2010) on board the Herschel Space Observatory. Fig. 2 cloud. The reference position of the single position observations was the same as in the OTF observations. The observation dates and IDs of the OTF and single position observations are given in Table 2 .
The raw data were processed using the version 8 of the HIPE 1 pipeline to a level 2 product. The baseline subtraction 1 HIPE is a joint development by the Herschel Science Ground Segment Consortium, consisting of ESA, the NASA Herschel Science Center, and the HIFI, PACS and SPIRE consortia. . In Fig. 3 we observe H 2 O emission/absorption features in the 557 and 1113 GHz maps, whereas only emission dominates the 988 GHz map. Unfortunately, the H 2 O map at 1113 GHz is affected by striping along the scanning direction due to standing waves, which originate from the Local Oscillator feed horns of HIFI as described in the HIFI handbook 3 . Our 1113 GHz data were affected by standing waves as the 1113 GHz water transition falls at the edge of the mixer band 4, where the standing waves are more prominent (see Sec. 5.3 in the HIFI handbook). We have not been able to remove these standing waves in our data with our baseline subtraction and even applying the methods recommended in the HIFI data reduction guide 4 . Average spectra at 1113 GHz with standing waves (with amplitudes around 0.15 K) are shown in cloud (this position also covers Cloud A), 5) the western streamer north, 6) the western streamer south, and 7) the 20 km s −1 cloud. Fig. 3 also shows line profiles of ortho 1 10 −1 01 , and para 2 02 −1 11 and 1 11 −0 00 H 2 O transitions extracted from the previous 7 positions. All spectra at the three frequencies were extracted from H 2 O cubes convolved to the 38 ′′ beam of HIFI at 557 GHz. To identify the emission/absorption from GC features in Fig. 4 we have shown the spatial distribution of the water emission/absorption in the ortho 1 10 −1 01 and para 2 02 −1 11 H 2 O transitions integrated over 10 velocity ranges. In this figure, para 1 11 -0 00 H 2 O maps are not shown as the data cube suffers from standing waves, causing striping in the 1113 H 2 O maps. The 557 and 988 GHz maps are only slightly affected by striping (see Fig. 4 ). We have used the same velocity ranges in our velocity integrated intensity H 2 O maps as those used by Amo-Baladrón et al. (2011) . In Fig. 4 the black crosses show the same positions associated with GC features as in Fig. 3 , where H 2 O spectra were extracted from.
In Fig. 5 we have compared our ortho 1 10 −1 01 and para 2 02 − 1 11 H 2 O maps with J=2-1 emission maps of the shock tracer SiO (Martín-Pintado et al. 1997) , obtained by Amo-Baladrón et al. (2011) . For the comparison, previously the 988 GHz H 2 O and SiO(2-1) maps were convolved to the 38 ′′ beam of the ortho 557 GHz H 2 O map.
Analysis of the H 2 O spectra
We have noted in Fig. 3 that the ortho 1 10 − 1 01 and para 1 11 -0 00 H 2 O lines are absorption-dominated in almost all positions, while the para 2 02 − 1 11 H 2 O lines are emission-dominated in all positions. Most spectra from the ground state ortho 1 10 − 1 01 and para 1 11 − 0 00 H 2 O transitions reveal the presence of narrow absorption features at V LS R =0, −30,−55 km s with the Molecular Ring located ∼180 pc around the GC (Sandqvist et al. 2003) .
The CND and the 20 km s (2011) and our H 2 O maps at 988 GHz (first row) and 557 GHz (second row). The velocity ranges are indicated at the top of each column. The wedges at the top of the first row show the SiO(2-1) intensity gray scale in K km s −1 . H 2 O contour levels (in blue and white for the absorption and emission, respectively) start at 3σ (-3σ) for the emission (absorption) at the two H 2 O frequencies, and they increase in 5σ (-5σ) and 4σ steps at 557 and 988 GHz, respectively. The red star represents Sgr A * and origin of the offsets in arcsec. Crosses and their numbers show positions associated with GC sources labeled in the second row. H 2 O spectra from those positions are shown in Fig. 3 . The water and SiO(2-1) maps have the same beam size of 38 ′′ shown in the left corner of the first column.
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As mentioned above the para 988 GHz H 2 O line only shows emission (see Fig. 3 and 4). This emission is concentrated in all previously mentioned GC features except in Cloud A and the Northern Ridge. Roughly the para 2 02 − 1 11 H 2 O emission exhibits a good correlation with the SiO(2-1) emission arising from GC sources in the vicinity of Sgr A * (see Fig. 5 ). In Fig. 6 we have compared the interferometric map of CN(2-1) (Martín et al. 2012 ) with the para 2 02 − 1 11 H 2 O emission map of the CND. Despite the difference in the spatial resolution between both maps, it can be clearly seen that there is an excellent correlation between the emission of the CN(2-1) and the para 2 02 − 1 11 H 2 O emission towards the southwest CND. cloud position. Moreover, emission/absorption of the para 1 11 − 0 00 H 18 2 O transition for the three studied positions was not detected with our sensitivity. Other molecular spectral features were found in the spectra of ortho 1 10 -1 01 and para 1 11 −0 00 H 18 2 O transitions (see Fig. 7 ). Given our spectral sensitivity, the emission/absorption of the ortho 2 12 −1 01 H 2 O transition (unfortunately this transition falls in the edge of the observed band) was not detected towards the CND and 20 km s −1 cloud positions, while the ortho 1 10 − 1 01 , and para 2 02 − 1 11 and 1 11 − 0 00 H 2 O transitions reveal emission/absorption for the three studied positions. These H 2 O and H 18 2 O spectra will be used in our study of the water excitation in Sec. 5.
H 2 O and H
Water Kinematics
We have studied the CND kinematics of water vapor using the para H 2 O emission at 988 GHz since it is the least affected by absorption (see Fig. 3 and 4) . This transition also exhibits significant emission arising from the Western Streamer, and the 20 and 50 km s −1 clouds as seen in Fig. 4 . To derive the kinematics we have selected 2 20 − 1 11 H 2 O spectra (see Fig. 8 ) corresponding to the CN(2-1) and H 2 CO(3 03 − 2 20 ) emission peaks studied by Martín et al. (2012) . They found that the CN(2-1) emission is an excellent tracer of the CND, while the H 2 CO(3 03 − 2 20 ) emission traces a shell-like structure where Sgr A East and both clouds seem to be interacting. Fig. 6 shows the selected positions for the kinematic study superimposed on the para 2 20 − 1 11 H 2 O map. Positions 1-8 correspond to CN(2-1) emission peaks, while positions 9-12 correspond to H 2 CO(3 03 − 2 20 ) emission peaks. Gaussian fits to the water para 2 20 − 1 11 line profiles were performed (see Fig. 8 ) and the derived parameters are shown in Table 3 . The LSR (Local Standard of Rest) velocities as a function of Position Angles (PA) are represented in Fig. 9 . The PA is measured east from north centered on Sgr A * . To describe the water kinematics from the CND, Fig. 9 shows the model prediction of the LSR velocities of a rotating ring model with an inclination of 75 of our best fit for the CND components (triangles). Our derived inclination angle, PA and rotation velocity are slightly lower than those estimated by Martín et al. (2012) for the southwest lobe of the CND. Our derived three parameters are in agreement with those of rotating rings used to model the CND kinematics in Goicoechea et al. (2018a) .
Limited by the Herschel spatial resolution, Fig. 9 shows the presence of 4 kinematically distinct structures around Sgr A * : the CND represented by filled triangles, the 50 km s cloud. Our result is consistent with that of Martín et al. (2012) , who found kinematically distinct features in the vicinity of the CND using the CN(2-1) emission and indicating that the water emission traces both components, the CND and the clouds interacting with the SNR Sgr A East.
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Modeling the H 2 O and H
2
O spectra and the continuum using a non-local radiative transfer code
We have used a non-local radiative transfer code (González-Alfonso et al. 1997) cloud positions, as well as to predict the infrared continuum observed with SPIRE for both CND positions. The numerical code solves the non-LTE equations of statistical equilibrium and radiative transfer in spherical geometry with an assumed radius. The sphere is divided into a set of shells defined by the number of the radial grid points. The physical conditions (water abundance X H 2 O , H 2 density n H 2 , kinetic temperature T k , dust temperature T d , microturbulent velocity V t and dust-to-gas mass ratio D/G) are defined in each shell of the spherical cloud, and we have assumed uniform physical conditions for simplicity. The numerical code convolves the emerging H 2 O line intensities to match the angular resolution of the HIFI instrument and the predicted continuum flux is integrated over the source. We have modeled the dust continuum flux by assuming that the source size is equal to the beam size at 250 µm. In addition to the collisional excitation, the code also accounts for radiative pumping through the dust emission, characterized by the T d , the dust opacity τ d (González-Alfonso et al. 2014 ) and the D/G.
We have run two component models to reproduce the H 2 O and H for the low-excitation, and the second with warmer T k of ∼300-500 K and n H 2 densities of ∼2×10 cloud position. The V t parameter was fixed in the modeling when a V t value provided the best fit to the H 2 O line widths. The adopted X H 2 O were varied until a good match to the water line intensities observed with Herschel/HIFI was obtained. When we fix n H 2 and vary X H 2 O , the line intensities depend on the source size. Details on the physical parameters are discussed in Appendix B.
It is well know that microturbulent approaches for line formations yield self-absorbed line profiles for optically thick lines (e.g. Deguchi & Kwan (1982) ), which is not observed in our data even for the very optically thick H 2 O 1 10 −1 01 lines. In order to avoid such self-absorption, we have used a coarse grid such Article number, page 9 of 15 (a) Values that provide the best fits to both the continuum dust emission and the water line intensities. (Wilson & Rood 1994) . In our models the D/G was fixed to the typical value of 1%. cloud positions, while the ortho 1 10 − 1 01 , 2 12 − 1 01 and para 2 02 − 1 11 , 1 11 − 0 00 H 2 O spectra were extracted for the three positions from the data cubes. These spectra are shown in Fig. 7 . As mentioned in Sec. 3, the H 2 O spectra at 1113 GHz are affected by standing waves with amplitudes around 0.15 K (see Fig. A.1 ). These artifacts do not affect our analysis of the CND 1 position because the intensity of the 1 11 − 0 00 water line is at least a factor 5 more intense than the amplitude of the artifact. Toward the CND 2 and 20 km s −1 positions, the observed intensity of the 1 11 − 0 00 water line could be increased/decreased at most in 0.15 K due to the standing waves, however these possible changes do not affect our best fits for the water line profiles described below.
Observational H 2 O and H
The SSW SPIRE data were used to extract spectra for the CND 1 and CND 2 positions. These spectra are shown in Fig. 10 . Unfortunately, our SPIRE observations did not cover the 20 km s −1 cloud position, thus the continuum is not available for this position. Because of the limited spectral resolution of the SPIRE spectra only CO and 13 CO transitions within J=8-12 can be clearly distinguished in the spectra shown in Fig. 10 .
Results
We find that, for both the low-density and the high-density model components, the H 18 2 O 1 10 − 1 01 line is optically thick but effectively optically thin (Snell et al. 2000) , so that its flux can be accurately estimated from F(erg s for the high-density component of the CND 2 position, which is only a factor 1.2 higher than that estimated with our model. Such small differences are also found in the cases of the CND 1 and the 20 km s Table 4 give the best fits to the dust continuum emission of the CND positions (see Figure 10 ). These T d values in combination with X ortho H 2 O values provide the lowest χ 2 value for the CND 1 position, but this does not happen in the case of the CND 2 position. There are two combinations giving a χ 2 value equal to 4.4 in the CND 1 position, but that with the inferred T d =45 K (for the low-density component) is the one that provides the best fit of the dust continuum. A χ 2 value equal to 6.5 is the lowest value in the CND 2 position, but in this case the derived T d =40 K of the low-density component overestimates the observed dust continuum. Table 5 summarizes the physical conditions and parameters that provide the best fits of the data.
CND 1 position
For the CND 1 position we have found the best fit for the water line profiles (red histograms in Fig. 7) with the derived X H 2 O of 9.3×10 provides the best fits to the H 2 O line widths. As mentioned above, the observed ortho 1 10 − 1 01 and para 1 11 − 0 00 H 2 O line profiles at negative velocities towards the CND 1 position are affected by absorption from foreground sources. To model these absorptions, we have considered spherical shells around the modeled sources, with a water abundance around 3×10 (Karlsson et al. 2013) , and H 2 densities of 10 3 cm −3 and kinetic temperatures of 50 K (Greaves & Williams 1994) . Turbulent velocities of 1-2 km s −1 were appropriate to simulate those lines. Water lines are also affected by absorption towards nearby galaxies (Liu et al. 2017) . The narrow absorption lines superimposed on top of the emission water lines create emission spikes observed in the 1 10 − 1 01 and 1 11 − 0 00 H 2 O lines. There is a very good overall agreement between the observations and the modeling. However, as expected for the complexity of the H 2 O excitation, there are differences in the intensity of the modeled and the observed spikes likely due to the assumed line-shape in the modeling. This difference is also seen in the case of the H 2 O 2 02 − 1 11 line.
Considering an optically thin regime, a dust-to-gas ratio of 1% and a mass-absorption coefficient of 8.2 cm . Based on the τ d (250 µm) predicted with our two component model (see Table 5 also included in Table 5 . A total gas mass of 238 M ⊙ is derived for the CND 1 position by considering the N H 2 O and the source size. This mass is a factor 1.6 lower than that estimated in Requena-Torres et al. (2012) for this position, which is reasonable given the simplicity of our modeling.
CND 2 position
For the CND 2 position we have found the best fits for the water line profiles (red histograms in Fig. 7) with the derived X H 2 O as 1.3×10 cloud creates an absorption feature in the modeled 1 11 − 0 00 and 2 12 − 0 01 H 2 O lines (see Fig. 7 ). There is also a small difference between the modeled and observed para 1 11 − 0 00 H 2 O line intensity at ∼100 km s −1 (see Fig. 7 ). This difference could be caused by either standing waves or the simplicity of spherical symmetry in our models.
Following the same procedure as for the CND 1 position, based on τ d (250 µm) we have estimated a N H 2 of 3.2-3. for the high-density component. The whole set of the derived parameters obtained using our model are listed in Table 5 . The derived N H 2 yield a total gas mass of 253 M ⊙ that is com-parable to the mass obtained by Requena-Torres et al. (2012) for this position. Table 5 , where the other derived parameters are also summarized.
Discussion
The derived free parameters together with the fixed parameters that provide the best fits to the water line profiles are given in Table 5 . The derived X H 2 O , V t and T d are dependent of the assumed source sizes, which are not very well known. However, the V t of 9-23 km s for X H 2 O as calculated by Karlsson et al. (2013) for these two GC sources using the non-LTE radiative transfer code RADEX.
The inferred N H 2 ∼(3.0-3.9)×10 calculated from HCN measurements (Güsten et al. 1987; Jackson et al. 1993 (Tsuboi et al. 2011 ).
Excitation of Water
For the CND 1 position, we have found that water excitation is affected by the dust emission, since when we have removed the dust effects in our model, the observed ortho 1 10 − 1 01 H 2 O and H 18 2 O line intensities are slightly overestimated, the observed para 2 02 − 1 11 H 2 O line intensity is underestimated by a factor of ∼2 due to the lack of radiative pumping, while the other modeled water lines remain unchanged. The 2 02 − 1 11 H 2 O line is also found to be pumped through absorption of continuum photons in extragalactic sources (Omont et al. 2013 2 O lines are also affected by radiative excitation from dust, since all predicted water line profiles changed significantly when dust effects were removed in the modeling, with the observed ortho 1 10 − 1 01 and para 2 02 − 1 11 H 2 O line intensities being overestimated and underestimated by a factor of ∼2, respectively, due to the lack of dust effects. Therefore, in the CND 1 and the 20 km s −1 cloud positions the water excitation is determined by collisional effects and absorption of far-infrared continuum photons, while radiation is not important in the water excitation of the CND 2 position.
Chemistry and heating
We have derived a X H 2 O of 1.3
for the high-density component of the CND 2 position, value that is ten times higher than that derived for the low-density component of the same position. For both density components of the CND 1 position we have inferred X H 2 O within (6.7-9.3)×10 −6
. As already mentioned, Amo-Baladrón et al. (2011) found that the shock tracer SiO revealed high abundances in the CND, where in contrast the HNCO showed lowest abundances due to its photodissociation by UV photons. The spatial correlation between the water and SiO(2-1) emission in the CND (see Sec. 3.2 and 3.3) points towards grain sputtering as an important mechanism for gas phase water production in the CND. We have derived T k /T d ratios of 4-17 for the CND, which also supports the idea that mechanical energy from shocks plays a role in the H 2 O chemistry. Harada et al. (2015) studied the chemical composition of the southwest lobe of the CND (our CND 1 position) through chemical modeling. Their model considers high temperature chemistry and mimics grain sputtering by shocks and the effects of cosmic-rays. They also studied the effects of UV photons in the chemistry, finding that the abundances of many molecules are not affected in A V <1 regions while the shocks. This is also in good agreement with the n H 2 and T k of the high-density CND components predicted by the models in Harada et al. (2015) . The value of 10 for the cosmicionization rate is also consistent with those derived for sources located within the Central Cluster (Goto et al. 2014) .
On the other hand, the X H 2 O of 9.3×10 −6 estimated for the low-density component of the CND 1 position is only a factor 2 lower than that predicted in scenario 1 with a preshock density of 2×10 decreases the water abundance at timescales around 10 3 years, giving a better agreement with our derived water abundances for both low-density CND components in the modified scenario 1.
It is considered that around 14% and 18% of the high-and low-density material, respectively, of the CND could be considered as a PDR (A V <5) given their H 2 densities and source sizes. The far-ultraviolet radiation field is G 0 ∼10 5 in the inner edge of the CND (Burton et al. 1990) . Using a chemical model, Hollenbach et al. (2009) only at A V =8 due to thermal desorption of O atoms and subsequent water production through neutralneutral reactions, while at A V <5 the water is photodissociated and its abundance decreases below 10 (Hollenbach et al. 2009 ), which are lower than those derived in the CND at least by a factor of ∼41 (see Table 5 ). The only effect of increasing G 0 in the modeling is that the H 2 O shell penetrates further into the cloud, while the H 2 O column densities remain constant (Hollenbach et al. 2009 ). From this comparison, PDRs do not seem to play a role in the water chemistry in the CND. In addition, CO/H 2 O abundance ratios have been used to establish if there is any PDR contribution to the water emission. The starburst galaxy M82 revealed CO/H 2 O∼40 (Weiss et al. 2010) . The CO lines are a factor of 50 stronger than the H 2 O lines in the prototypical galactic PDR Orion Bar (Habart et al. 2010) C=20 ratio, typical for the CG (Wilson & Rood 1994 ). Our highest CO/H 2 O ratio of 43 similar to that of M82, could indicate that there is some PDR contribution in the water chemistry of the CND. This result is in contrast to the suggestion found in the previous discussion. A hot CO component found towards the central cavity is heated by a combination of UV photons and shocks (Goicoechea et al. 2013) .
Apparently the T k <200 K of the low-density CND components are not high enough for water production through neutralneutral reactions, which activate at T k >300 K (Neufeld et al. 1995) , however, high-temperature chemistry of water could be produced at the shock fronts of the low-density CND components with warmer gas (>300 K) and of course in the highdensity CND components with T k >325 K. As mentioned, the high temperature chemistry is considered in the modeling by Harada et al. (2015) . On the other hand, the T d <45 K derived in the CND rules out thermal evaporation of H 2 O because this mechanism needs grain temperatures around 100 K (Fraser et al. 2001) .
It is thought that the effects of X-rays in the CND chemistry are negligible as the X-ray ionization rate is lower than 10 (Harada et al. 2015) . This is consistent with the results of Goicoechea et al. (2013) , who found that X-rays do not dominate the heating of hot molecular gas near Sgr A*.
The X H 2 O of ∼4.0×10 cloud is at least a factor of ∼33 smaller than those derived in the CND, suggesting that the water freeze-out can partially account for the low X H 2 O . In these regions the water could be produced through an ion-neutral chemistry (Vejby-Christensen et al. 1997) . It would be interesting to consider if the modeling proposed by Harada et al. (2015) including cosmic-ray chemistry without shocks would predict the low water abundance derived in the 20 km s derived in the CND are better explained in scenarios that consider grain sputtering by shocks of 10-20 km s
